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$u= \frac{\partial\Psi}{\partial y}$ , $v=- \frac{\partial\Psi}{\partial x}$ . (1)
[6].
$( \frac{\partial}{\partial t}+\frac{\partial\Psi}{\partial y}\frac{\partial}{\partial x}-\frac{\partial\Psi}{\partial x}\frac{\partial}{\partial y})q=0$. (2)
$q$ , .
$q=- \Delta\Psi=-(\frac{\partial^{2}}{\partial x^{2}}$ $\frac{\partial^{2}}{\partial y^{2}}+\frac{\partial^{2}}{\partial z^{2}})\Psi$. (3)
, $R=$
$(\cdot X_{i}, Y_{i}, Z_{i})$ $\hat{\Gamma}_{i}$ $N$
.
$q= \sum_{i=1}^{N}\hat{\Gamma}_{i}\delta(r-R_{i})$ , $r=(x,y,z)$ . (4)
$N$ .
22
$N$ Hamiltonian $H$ , $N(N-1)/2$
$H= \sum_{(i,j)}^{N}\frac{\hat{\Gamma}_{i}\hat{\Gamma}_{j}}{4\pi|R.-R_{j}|}$ , (5)
, . $i$ .
$\frac{dX}{dt}=\frac{1}{\overline{\Gamma}_{i}}\frac{\partial H}{\partial Y_{l}}$ , $\frac{dY_{l}}{dt}=-\frac{1}{\hat{\Gamma}_{l}}\frac{\partial H}{\partial X_{i}}$. (6)
$H$ $(P, Q)$ $I$ .
$P= \sum_{i=1}^{N}\hat{\Gamma}_{l}X_{I}$ , $Q= \sum_{i=1}^{N}\hat{\Gamma}_{\mathfrak{i}}Y_{I}$ (7)
$I=$ $\hat{\Gamma}_{i}(X^{2}+Y_{l}^{2})$ (8)
$i=1$
$(P=Q=0)$ , $L_{0}=\sqrt{I/\sum_{i=1}^{N}\hat{\Gamma}_{i}}$ , $X_{i}arrow X_{i}/L_{0}$
. $t$ . $N=2000$
$E=H/( \sum_{i=1}^{N}\hat{\Gamma}_{i})^{2}$ . , Poisson






MDGRAPE$- 3$ , LSODE-package
. MDGRAPE$- 3$ , $E,$ $I,$ $(P, Q)$
6 .
32
,3 , $10^{6}$ . (
) , ( )






‘ ’, ‘ ”,
“ ‘
$0$ ’-inverse-temperature “ .
Nomalized Energy: $E(\cross 10^{-2})$




. 1 . ,
$|z_{\max}|$ . $P(z)$ ,
$P(z)=2 \pi\int_{0}^{\infty}rF(r, z)dr$ (9)
,Case A $B$ $C$ $P(z)$ $z$ .
2 , Case $xz$ . Case A $($ $E=3.054\cross 10^{-2})$
, , . Case
$B$ (‘0’-inverse-temperature’, $E=3.130\cross 10^{-2}$ ) , , Case





2 $\cdot 1$ $0$ 1 2 2 $- 1$ $0$ 1 2
XX
2: xz : Case A $($ $E=3.054\cross 10^{-2})$ , Case $B$ (’0’-inverse-temperature.
$E=3.130\cross 10^{-2})$ , Case C $($ $E=3.236\cross 10^{-2})$
,
. $r$ $\approx$
$\hat{F}(r, z)=F(r, z)/P(z)[\int_{0}^{\infty}r\hat{F}(r,$ $z)dr=1$ 15$]$ . $\hat{F}(r, z)$ ,
.
Case A $($ $E=3.054\cross 10^{-2})$ , Case $B$ (’O’-inverse-temperature $E=3.130\cross 10^{-2}$ ) $)$
Case C $($ $E=3.236\cross 10^{-2})$ $\hat{F}(r, z)$ , 3, 4, 5
. . Case $B($ $O’$-inverse-temperature’, $E=$
$3.130\cross 10^{-2})$ .
. ,Case A $($ $E=3.054\cross 10^{-2})$






3: Case A( $E=3.054\cross 10^{-2}$ $\hat{F}(r, z)$ , $r$
$((P, Q)=(O, 0))$ , .
4: Case $B$ ( O’-inverse-temperature’,E $=3.130\cross 10^{-2}$ ) $\grave{F}(r, z)$ , ,
$((P, Q)=(O, 0))$ , .
$E=3.236\cross 10^{-2}-$
$\text{ _{}1r,z)}$
5: Case C $($ $E=3.236\cross 10^{-2})$ $\acute{F}(r, z)$ , $r$









$z_{1}\leq z\leq z_{2}$ , : $1\backslash ^{\ulcorner}\wedge$ , : $\hat{\Gamma}_{1,2,\cdots,\overline{N}}=1$ , : $E$ , :
$\hat{I}(=I/\hat{N}=1)$ . $n(r, t)$ , $F(r, t)=n(r, t)/\hat{N}$
.
$P(z)$ .
$P(z)$ $=$ $\iint F(r)dxdy$ $( \int_{z_{1}}^{z_{2}}P(z)dz=1)$ . (10)
$P(z)$ .
Shannon entropy va,





$\frac{8\pi H}{\hat{N}^{2}}$ $=$ $\int\int\int\int\int\int\frac{F(r)F(r’)}{|r-r’|}d^{3}rd^{3}r’$ .
(12)
(13)
(13) , 2 $F_{2}(r, r’)$
$F_{2}(r, r’)=F(r)F(r’)$ , (14)
.
, $P(z))I,H$ Shannon entropyZ
. , (mean field equation
).
$\log F(r)+1+\alpha(z)+\beta(x^{2}+y^{2})+\frac{\gamma}{4\pi}\int\int\int\frac{F(r’)}{|r-r’|}d^{3}r’=0$ . (15)
$-$ $\alpha(z),\beta,\gamma$ $P(z))I$ $H$ Lagrange .
$(F(x, y, z)=F^{c}(r, z))$ , (10),(12),(13)
(15) .
$P(z)=2 \pi\int_{0}^{\infty}rF^{c}(r, z)dr$, (16)
$\hat{I}=2\pi\int_{z_{1}}^{z_{2}}dz\int_{0}^{\infty}drr^{3}F^{c}(r, z)=1$ , (17)
17
$= \text{ _{}1}^{z_{2}}dz’\int_{0}$ $\frac{rr’F^{c}(r,z)F^{c}(r’,z’)}{\sqrt{(r+r’)^{2}+(z-z^{l})^{2}}}$
$\cross K(2\sqrt{\frac{rr’}{(r+r’)^{2}+(z-z’)^{2}}}))$ (18)






. Hoshi and Miyazaki[15] .
5.2 $0$ ’-inverse-temperature
‘0’-inverse-temperature (19) $\gamma=0$ .
. 6 (Case B)
.
$F( \tau, z)=\frac{P(z)}{\pi}\exp(-r^{2})$ (20)
6: ‘O’-inverse-temperature $\hat{F}(r, z)$ , , :
:
18
5.3 ‘Gaussian Model’( )
‘
$0^{7}$-inverse-temperature ,
(Gaussian Model’ . $($ Gaussian ModeF $F(r, z)$
.
$F(r, z)= \frac{P(z)}{\pi a^{2}(z)}e^{-\frac{r^{2}}{a^{2}(z)}}$ (21)
.
$a(z)$ ( ) .
$\int_{0}^{\infty}rdr\int_{0}^{2\pi}d\theta\frac{P(z)}{\pi a^{2}(z)}e^{-\tau^{r}\frac{2}{(z)}}\overline{a}=P(z)$ (22)
$P(z)$ , (16) . (17),(18)
.
$I$ $=$ $N \Gamma\int a^{2}(z)P(z)dz$







$\log Z$ $=-N \int dz\int_{0}^{\infty}\frac{2rdr}{a^{2}(z)}P(z)e^{\overline{a}}\eta^{r}\frac{2}{(z)}$ (26)
$\cross[\log(\frac{P(z)}{\pi a^{2}(z)})-\frac{r^{2}}{a^{2}(z)}]$ (27)
$=-N \int dzP(z)[\log(\frac{P(z)}{\pi a^{2}(z)})-1]$ (28)







$\cross K(2\sqrt{}\overline{\frac{a(z)r’}{(a(z)+r’)^{2}+(z-z’)^{2}}})]=0$ . (29)













Case A $($ $E=3.045\cross 10^{-2})$
. Case B(‘O’-inverse-temperature $E=3.130\cross 10^{-2}$ )
Case C $($ $E=3.236\cross 10^{-\underline{9}})$
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